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CHAPTER

I

INTRODUCTION
The nature of this study involved the preparation of
the coordination compounds of platinum (II) and four alphaamino acids, namely arginine, histidine, lysine, and serine.
A first analysis of the problem would seem to indicate that
the preparations should be straightforward and not difficult.
Bailar (3) stresses the great coordination tendency of the
alpha-amino acids.

Secondly, Volshtein (37) (38) (39) (40)

(41) (42)- and others have synthesized a number of platinum

(II) complexes of the alpha-amino acids with apparently a
minimum of difficulty in a majority of the preparations.
Finally, a number of complexes of the amino acids under
study have been prepared with other metals including cobalt,
copper, chromium, and zinc.
A closer analysis of the problem, however, reveals
many inherent difficulties.

From the structure of each

amino acid under study, instability of its complex can be
predicted.

Secondly, the preparation of the complexes

here involved production of the solid product, in order
that a carbon hydrogen analysis could be used to establish
its composition.

In a large majority of the preparations

cited in the literature the complexes prepared were charac-

2

terized in solution.
of their instability.

FUrther, mention was generally made
Finally, no platinum (II) amino acid

complexes of those under study have been reported although,
undoubtedly, some of these preparations have been attempted.
The preparation of some of the complexes and attempts
to prepare others verify the latter statements above.

Steps

in the various syntheses will be outlined pointing out the
difficulties encountered.

Characterization, based upon car-

bon and hydrogen analysis and infra-red spectra, will also
be described.

CHAPTER II
HISTORY
I.

BACKGROUND OF COORDINATION CHEMISTRY

The field of coordination chemistry has grown in
little more than a half-century from a readily defined
and limited area into what is now perhaps the most active
field of inorganic chemistry.

In recent years it has

received not only a large amount of experimental study, but
also a rather extensive theoretical treatment.

The early

study of inorganic complex compounds consisted largely of
a series of attempts to explain the existence and structure of hydrates, double salts, and metal-amonia compounds.

These compounds were termed molecular or addition

compounds because they were formed by the union of two or
more already stable and apparently saturated molecules.
Early theories and explanations offered by such men as
Graham (1837), Blomstrand (1869), and Jorgensen (1878) are
of little more

tha~

historical interest now since the

coordination theory proposed by Alfred Werner in 1893 has
proven to be so all-encompassing in its scope.

This theory,

which has been extended and substantiated experimentally,
has been largely responsible for the rapid growth of inorganic chemistry since the turn of the century.
The basic postulate of Werner's coordination
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theory, in his own words ( 10) is as follows:

ttEven when,

to judge by the valance number, the combining power of certain atoms is exhausted, they still possess in most cases
the power of participating further in the construction of
complex molecules with the formation of very definite atomic
linkages.

The possibility of this action is to be traced

back to the fact that,, besides the affinity bonds designated as principal valences, still other bonds on the atoms,
called auxiliary valences, may be called into action."
The term "coordinate" is derived from the fundamental assumption by Werner that complex salts result from the
capacity of certain atoms to combine with a given maximum·
number of other atoms or radicals.

Werner referred to this

number as the coordination number.

A complex or coordina-

tion compound is one in which saveral atoms, groups, or radicals are directly and more or less firmly attached to a central atom.

This cluster Werner called the first

coordinat:i.~.~

sphere, and in its formal representation he enclosed the
cluster within brackets.

In addition, depending on the nature

of the compound, there may be atoms or radicals less firmly
attached to the complex; these exist in the so-called second
coordination sphere and are represented outside the brackets.
An example of such a complex compound is tetramminecopper
(II) sulfate whose formula is represented as follows:
[ Cu ( NH ) 4

3

J

SO 4 ,

5
II.

EARLY PREPARATIONS OF METAL CHEJ.. ATES OF THE AMINO ACIDS

In 1854 Gossman prepared a copper leucine complex
as a means of purifying the amino acid, the first preparation reported of an amino acid complex.

However, it remained

for later workers to characterize it, and provide an explanation for the properties of this complex as well as similar
compounds.

In 1909 Ley (20) drew attention to the remark-

able physical properties of the metal complexes of glycine
and other amino acids.

When he treated glycine in hot

aqueous solution with excess copper carbonate, the solution
assumed a dark blue color.

Upon condensation and treatment

with ethanol, crystals of a compound of copper and glycine
in the ratio of 1:2 were
the alkali

met~ls

separat~d.

Unlike the salts of

with glycine, which were highly con-

ducting, the aqueous solutions of the copper compound possessed very little conductivity and hence little electrical
dissociation.

Based upon these observations he suggested -

the following structure for this compound:
?coc~ 2 NH 2

Cu""'

I ...

ococl-i2NH2
From the acceptance of such a formula there followed tNo
important related consequences:

(1) the valence of copper

was no longer two but four, and (2) the complex consisted of
two stable five-membered rings.

Further, in the suggested

6

structure Ley assumed the presence of secondary valence
forces between the metal and nitrogen atoms as shown by
the dotted lines.

The concept of so-called secondary

valences, which are represented in the literature by
arrows as well as by dotted lines, has at present given
way to the more acceptable concept of coordinate covalent
bonds whereby all covalent bonds within the complex are
practically indistinguishable.
III.

EARLY STUDIES ON STABILITY AND EASE
OF FORMATION OF METAL COMPLEXES

Ley (20) reasoned that the ease of formation of
the metal complexes could be readily determined by

conduc~

tivity measurements of aqueous solutions of the metal acetates alone, and of mixtures of the metal acetates with
various amino acids.

The magnitude of the difference in

conductivity in each case should yield a direct measure of
the formation of the corresponding complex.

Table I (13)

describes the results of this study, the expression
defined as:

~

=

~

being

(conductivity of metal acetate) minus

(conductivity of same concentration of metal acetate plus
2 moles of glycine).

It was assumed that the contribution

of glycine to the conductiVJ1ty was

negl~ible.

From these

data there was little evidence of stable complex formation

7
with Ba2+, Mn2+, or Cd2+, but there is good evidence for
the formation of such complexes with zn2+, Co2+, Ni2+,
and Cu2+.
TABLE I
DIFFERENCE IN CONDUCTIVITY ( ~ ) BETWEEN SOLUTIONS
OF METAL ACETATES AND SOLUTIONS OF METAL
ACETATES PLUS 2 MOLES OF GLYCINE
Metal Acetate Employed
Molar
Volume,
Liters Barium Manganese Zinc Camium Nickel Cobalt Copper
32

0.4

0.8

6.4

1 7

13.6

5.3

19.7

64

0.5

0.4

4.5

2.2

13.9

5-3

24.3

0

In 1907 Tschugaeff (34) demonstrated that although
alpha and beta amino acids may form copper complexes, gamma
and delta amino acids do not.

By

substituting alpha Alanine,

beta alanine, and gamma aminobutric acid for glycine in the
above experiment using copper and nickel, it was found that
the stability of the nickel and copper complexes diminished
in the following order:

glycine, alpha alanine, beta alan-

ine, gamma, delta, and epsilon amino acids.

From these obser-

vations it was concluded that the stability of the nickel
or copper complex of the

am~no

acids diminished as (1) the

side chain increased, and (2) as the distance between amino
and carboxyl groups increased.

In respect to the first con-

clusion, later evidence has shown that the stability may be
relatively independent of the nature of the side chain, and

depend more on the dissociation constant of the complexing
nitrogen atom, according to Greenstein and Winitz (13).
There is little doubt as to the validity of the second conclusion.

The failure to achieve stable complexes with

amino acids beyond the beta variety was evidence for the
presence of rings.

Thus with alpha amino acids stable

five-membered rings are formed, and with beta amino acids
less stable six-membered rings are formed, and with gamma
and delta amino acids very unstable rings are formed.
Tschugaeff (35) wrote extensively on the stability of
these five and six-membered rings.
Another early contribution by Ley (20) concerned
the spectrophotometric study of the copper complexes.

He

showed that these compounds in aqueous solution possessed
a similar spectrum in which the characteristic 500 to 550
micron absorption band was common to the spectra of copper
complexes of ammonia, glycine, and alanine.

This presented

further evidence to support the binding of nitrogen atoms
to copper with consequent ring formation.
Among others, whose names appear prominently in
the literature concerning the early work done on the metal
complexes of the amino acids, are Fischer, Zemplen, Serbine,
and Winkler.

. I
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CHAPTER III
BELATED STUDIES
During the past ten years a. number of amino acid
complexes of platinum have been prepared and characterized.

The majority of this work has been done by two

Russian scientists, Volshtein (37) and Grinberg (15).
A number of their preparations are included here.

In

choosing the preparations to be cited, consideration was
primarily given to those which differed as much as possible, and secondly, an attempt was made to include as many
different amino acids as possible.
I.

PLATINUM AND GLUTAMIC AND ASPARTIC ACIDS
Grinberg and Kats (15) prepared complexes of plati-

num and glutamic and aspartic acids.
acid was added to

0.7 gram of glumatic

0.5 gram of potassium tetrachloroplatinate

(II), K2 ~tCl4] , in 10 milliliters of water and heated for
45 minutes on a steam bath. This reaction produced silvery
white crystals of bisglutamatoplatinurn (II).

An important

note in this preparation involved the following statement:
"To obtain a pure product, the volume of the solution must
be kept constant during the crystallization. 11

Bisasparta-

toplatinum (II) in 20% yield was also prepared by a similar method.

10
II.

PLATINUM AND ALANINE

Volshtein and Volodina (41) produced the cis isomer
of the inner complex of platinum and alanine.

One mole of

potassium tetrachloroplatinate (II) K2 [PtCl4] , was treated
with 4 moles of alanine and KOH and heated one hour on a
steam bath.
of M HCl.

This was followed by the addition of 2 moles
Upon heating 2 to 3 hours this gave, upon cool-

ing, a colorless precipitate of [ PtA2J
A= alanine residue).

in 30% yield (where

This cis isomer differed from the

known trans isomer in solubility and upon treatment with
thiourea.

Both isomers were dibasic acids, titratable

with NaOH in the presence of phenolphthalein.
III.

PLATINUM AND METHIONINE

Volshtein and Mogilevkina. (38) reported that the
reaction forming a complex of platinum and methionine was
rapid compared with reactions forming complexes of platinum
with other amino acids.

An equimolar mixture of potassium

tetrachloroplatinate (II), K2 [PtCl4] , and methionine yielded
a yellow precipitate in a few minutes.

They characterized

the precipitate as a 1:1 complex with platinum coordinated
in a cyclic complex with the NH2 and the MeS parts of methionine.

Volshtein and Mogilevkina (39) also reported the

preparation of two complexes of platinum (II) and methionine:

11
(I),

[o12PtMt~

and (II),

~H30lPtM~

•

Compound I was

prepared by adding 0.45 gram of methionine to 1.25 grams
of potassium tetrachloroplatinate (II), K2 ~tOl~, in
approximately 7 milliliters of water. This mixture was
heated for 30 minutes on a steam bath and cooled, filtered,
washed, and dried at 60°, giving an 86% yield.

Compound II

was prepared by adding 3 milliliters of 10% NH40H to 0.5 gram
of compound I.

After 15-20 minutes the mixture was filtered,

washed, and dried at 60-70° yielding 66-79% of compound IIo
The properties of these compounds ivere determined and it was
concluded that MtH and Mt- formed with platinum (II) sixmembered rings in which Pt combined with S and NH 2 of the
ligand.
IV.
Volsht~in

PJ-1-ATINUM AND TYROSINE
and Velikanova (40) mixed 12 millimoles of

KOH (.8M) with 12 millimoles of tyrosine.

This mixture was

treated with 3 millimoles of potassium tetrachloroplatinate
(II), K2 ~~01~ and heated for 2 hourso

Excess undissolved

tyrosine (approximately 0.5 gram) was filtered off.

The fil-

trate was boiled and 2-3 drops of concentrated HOl added which
precipitated more amorphous tyrosine.

Further addition of 2-3

milliliters of concentrated HOl precipitated an appreciable
quantity of a brown viscous mass which was allowed to settle.
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The decanted supernatant liquor was filtered and treated
with 5-6 milliliters of concentrated HCl and boiled 2-3
minutes.

Upon cooling a yellO"tr>T precipitate formed which

was filtered and washed with water, ethyl alcohol diethylether.
to be

Platinum and chloride analysis showed the compound

[c1 2 Pt(NH 2 CH(COOH)CH 2 c 6 H4 0H)~

•

Coordinate bond-

ing was postulated between the Pt and the two N atoms.

The

yield was equivalent to about 20% of the original potassium
tetrachloroplatinate.

Upon treating the above compound with

KOH a precipitate of bistyrosinatoplatinum (II) is formed.
Its formula is [ Pt (NH 2CH( COO) C6H40H)

J

A ring structure

is proposed in which Pt is linked to the COO group and by
coordinate linkage to the NH 2 group.
V.

PLATINUM AND ASPARAGINE

Volshtein and Anokhova (37) reacted potassium tetrach-

4

K2 ~tc1 ] , with asparagine forming an
inner complex salt containing 2 asparagine molecules per plat-

loroplatinate (II),

inum ion.

The reaction gave a mixture of the platinum (II)

complex with asparagine and asparaginic acid.

The mixture _

was separated by the action of an alkali in that the saponification of the asparagine bound. in the salt takes pla,ce at
a greater rate than the saponification of the free asparagine.
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VI.

PLATINUM AND VALINE

Volshtein and Zegzhda

(L~o2)

were able to separate the

cis and trans isomers of the platinum and valine complex.
The reaction between potassium tetrachloroplatinate (II),

J,

K2 [ PtC1 4
and valine (VH) yielded a mixture of both isomers which could not be separated, hence the following procedure was devised.

A 4:4:1 molar ratio of a mixture of valine

(VH), M KOH, and K2 [ Ptc1 4] was heated on a water bath for 2
hours yielding a pale yellow solution (I). This solution was
I
I

boiled with an equal amount of concentrated HCl for 2 minutes.
After standing for 24 hours it was filtered, washed with 1:1
HCl, and dried at 1050.

It was then dissolved in M KOH and

heated several hours on a water bath.

After standing 24

hours it was washed with water until free of chloride ion,
then washed with ethyl alcohol and diethyl ether, and dried
at 100°.

The yield was 42-6% trans bisvalinatoplatinum (II),

J .

[Ptv 2

The cis isomer was prepared by adding M HCl to the

pale-yellow solution (I) in the proportion, 2:1, moles of HCl
to initial moles of K2 [Ptc1 4] • The mixtures was heated 3
hours on a water bath, filtered after standing 24 hours,
washed with water, ethyl alcohol, and diethyl ether, and
dried.

This yielded 65-75% cis bisvalinatoplatinum (II),

[PtV2]
chemically o

The configuration of the two isomers was determined

1

CHAPTER IV
THEORY
I.

THE COORDINATION OF PLATINUM (II)

Werner's coordination theory, with its concept of
secondary valence, provides an adequate explanation for the
existence of many complexes.
postulates include:

Three of its more important

(1) most elements exhibit two types of

valence, primary and secondary, which correspond in modern
terminology to oxidation state and coordination number;
(2) every element tends to satisfy both its primary and secondary valence; and (3) the secondary valence is directed
toward fixed posit ions in space which is the basis for the
stereochemtstry of metal complexes.

The properties and

stereochemistry of such complexes are also explained by
the theory, which remains the real foundation of coordination chemistry.

Since Werner's work preceded our present

electronic concept of the atom, the theory was not able to
describe in modern terms the nature of the secondary valence,
or as it is now called the coordination bond.

'rhree theories

are used to describe the nature of the bonding in metal complexes.

'fhese theories are (1) the valence bond theory, (2)

the electrostatic c;:rystal field or ligand field theory, and
{3) the molecular orbital theory.

A brief discussion of

each theory will be included, followed by the specific appli-
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cation of that theory to platinum (II).
~

Valence

~

Theory.

The valence bond theory

was developed by Linus Pauling and others, and has been
made available to chemists through Pauling's book, The
Nature of the Chemical Bond, editions published in 1940,
1948, and 1960.

Pauling's ideas have had an important

impact on all areas of chemistry and his extensions of the
valence bond theory have aided coordination chemists and
have been extensively used.

It can account reasonably

well for the structure and magnetic properties of metal
complexes.

further extensions of the theory will account

for other properties of coordination compounds such as
absorption spectra, but other theories seem to do this in a
more simple fashion.

Therefore, in recent years coordina-

tion chemists have favored the crystal field, ligand field,
and molecular orbital theories; for example see Basolo and
Johnson (5).
The application of the valence bond theory to
complexes deals with the electronic structure of th®
ground state of the central metal ion, and is concerned
primarily with the shapes and magnetic moments of.the
complexes.

The orbitals of the complex are designated

only in terms of the central atom orbitals.

Day and

Selbin (10) summarize Pauling's simple means for presenting
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the bonding picture which involves the following assumptions:
(1) The central metal atom will make available a number of orbitals equal to its coordination
number for the formation of covalent bonds with ligand
orbitals.
(2) A covalent sigma-bond arises from the
overlap of a vacant metal orbital and a filled orbital of the donor group. The donor group must, therefore, be a chemical species which contains at least
one lone pair of electrons. This bond, called a
"coordinate link," is seen to be simply a covalent
bond involving the characteristic overlap of two
orbitals. However, it possesses a considerable amount
of polarity because of the mode of its formation.
(3) In addition to the sigma-bond, there is
also the possibility that a pi-bond may be formed providing that suitable d electrons of the metal are present in an orbital which can overlap with a vacant
orbital on the donor atom. This bond will change the
charge distribution on both the metal and the ligand
in such a way as to strengthen the sigma-bond.
Through hybridization, appropriate combinations of
metal atomic orbitals are blended together to give a new
set of orbitals, called hybrid orbitals, that form the most
stable covalent bonds between the metal and the ligands.
Platinum (II) having d electrons available and a coordination number of four could show either dsp 2 or sp3 hybridization.

This would mean that the configuration of plati-

num (II) complexes could be either square planar or tetrahedral, respectively.

Figure 1 from Ander and Sonnessa

(1) summarizes the va]ence bond approach as it applies to
platinum (II).

From the figure it can be seen that one can

use the magnetic properties of the complex to decide what

17
type of bonding is involved.

Because of the unpaired elec-

trons, a free Pt+2 cation and the tetrahedral complex
should be paramagnetic, while the square planar complex
should be diamagnetic.

5d

6s

6p

.
Pt +2 f ree J.On

lllilill

Pt+ 2 in square
planar complex

11 t I t1 t 1
I,IGAND ELECTRONS
Jl. J.l l:l _a. XX
XX
!,! XJ£ g
2

.
Pt +2 J.n
tetrahedral
complex

dsp

t1 t 1
Ji. ll

1l l 1 LIGAND ELECTRONS
XX

-

XX

XX

snJ -

XX

-

~

FIGURE 1
USE OF MAGNETIC PROPERTIES TO AID IN DETERMINING
THE STRUCTURE OF A COMPLEX

The Molecular Orbital Theory.

The molecular orb-

ital theory includes both the covalent and ionic character
of chemical bonds, although it does not specifically mention either.

It treats the electron distribution in mole-

cules in very much the s arne .,..~ay that modern atomic theory
treats the electron distribution in atoms.

After the pos-

itions of the atomic nuclei are determined, the orbitals
around the nuclei are defined.

1,hese molecular orbitals

locate the region in space in which an electron in a
given orbital is most likely to be found.

Hather than

being localized around a single atom, these molecular
orbitals extend over part or all of the molecule.

Calcula-
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tions of the shapes of molecular orbitals have been made

,,

for only the simplest of molecules.

·.!

'

The molecular orbital that results from the addition of the two s orbitals includes the region in space_
between the two nuclei and is called the bonding molecular orbital.

It is of lower energy than either of the two

s atomic orbitals from which it arose.

The molecular

orbi~

tal that results from subtraction of the parts of the atomic orbitals that overlap does not include the region in
space between the nuclei.

It has greater energy than the

original atomic orbitals and is called an antibonding molecular orbital.

The difference in energy can be explained

in that electrons which reside in a region between the two
nuclei, are influenced by both nuclei.

Electrons in anti-

bonding molecular orbitals are under the influence of only
one nucleus.
The molecular orbital energy level diagrams for
metal complexes are much more complicated than those for
simple diatomic molecules.

The ligand orbitals are in

general of lower energy than the metal orbitals, and
hence the bonds have some ionic character.

That is, the

bonding molecular orbitals are more like ligand orbitals
than metal orbitals, and placing metal electrons in these
molecular orbi.tals thus transfers electronic charge from
metal to ligands.
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Two d orbitals, dx2-y2 and dz2, and the three
4p orbitals are oriented along the x, y, and z axes
where the ligands are located.

Orbital overlap with

the ligand results in the formation of bonding and antibonding molecular orbitals.

The dXY' dxz' and dyz

orbitals do not point at ligand orbitals and hence are
not involved in sigma bonding.

Their energy is unchanged

andthey are called nonbonding orbitals.

Therefore in

platinum (II) the orbital symmetries are such that the
dx2-y2 and s orbitals could be involved in bonding as
well as the Px and Py orbitals which can overlap with
the bidentate along the x and y axis according to Cartmell
and Fo\'des ( 8).
fThe Crystal Field Theory.

The crystal field

theory is essentially an electrostatic theory of bonding.
It. considers the complex as a positively charged central
ion symmetrically surrounded by the negative anions or
by the negative ends of dipolar ligands.

In a simple

electrostatic theory of bonding the total binding energy
will be made up of the sum of energy of attraction between
central ion and ligand and repulsive energy due to ligand
repulsion.

The greater the attractive energy as compared

to the repulsive energy, the more stable will be the bond.
These simple calculations give excellent agreement with
the experimental bond energies, but this method does not
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give any information about the magnetic properties.
Crystal field theory supplies this information by considering the effect of the ligand on the energy of the -d
electrons in the central ion.

The five d orbitals of the

free metal ion are all of the same energy and are said
to be fivefold degenerate.

In addition, these orbitals

have maximum electron densities directed in space, which
are different for each of the five orbitals.

The dz2 orbi-

tal has maximum electron density directed along the z
~

/~

while the dX2 -y 2 orbital has maximum density along
the X and y axis. Tne dXY' dxz' and dyz have maximum
density directed between the x y and z axes.· Crystal

'

~a-x±s-

field theory considers that when the ligands approach to
form the complex, electrostatic repulsion between the
ligand and d orbitals arises which destroys the equality .........______
o·f
the five d orbital energies, that is, destroys the degeneracy of the d orbitals that was present in the free metal.
ion.

Those orbitals that lie along the directions of ligand

approach are raised in energy because of repulsion, and the
orbitals that lie furthest away from the approaching ligand
are lowered in energy.

The net result is a splitting of

the five d orbitals into groups of orbitals of di£ferent energy.
Figure 2 taken from Day and Selbin ( 10) shows the d
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orbital splittings for the
platinum

s~uare

planar complex of

(II)~

/
/

/

/

/

~"·
/
<........

-------1::-- ------- - - ---- - ---- ----

·-----

~

Free Metal
Ion

......

, ' ...... ............
''

''

'-------------------------After approach of Ligand

FIGURE 2
SPLITTING OF THE D ORBITALS IN THE SQUARE
PLANAR CO¥~LEX OF PLATINUM (II)
The arrangement of the ligand molecules causes the dx2-y2
level to have the highest energy.

Similarly, the dxy

orbital has the next highest energy since·the axes of its
lobes lie in the plane of the ligands.

Basolo and Pearson

(6) indicate that the dz2 orbital has slightly higher energy
than the dxy and dyz orbitals.

This is justified by

the collar of charge in the xy plane vrhich gives a greater
repulsion to the ligand field.

The dxy and dyz are affected

similarly and become degenerate.
Proof £! sguare-planar
complexes.

struct~

£!

~atinum

l11l

Platinum (II) with a coordination number of

22four would be expected to form complexes having a

tetra~

hedral (using sp3 hybrid orbitals) or square planar configuration (using dsp2 hybrid orbitals).

The choice of

configuration therefore depends upon which orbitals are
available.

Studies made of platinum (II) complexes indi-

cate that they are invariably planar.

Cotton and vlilkinson

(9) state that all platinum (II) complexes are diamagnetic,
which would support the planar configuration.
Cartmell and Fowles (8) cite a number of studies
which confirm the square planar structure of platinum
(II):

(1) complete x-ray determination of Mellor; (2)

Raman spectrum investigation by Mathlieu; and (3) dipole
moment measurements by Jensen.
Martell and Calvin (23) cite an ingenious method
of using optical activity to demonstrate the planar structure of platinum (II) compounds devised by Mills and
Quibell.

Isobutylenediamine meso-stilbened:iamine platinum

(II) would be optically active if planar but inactive if
tetrahedral.

It may be seen that a planar structure would

give rise to asymmetry, but that the tetrahedral structure
would have a plane of symmetry, which coincides with the
plane of the platinum-isobutylenediamine ring.

Mills and

Gotts isolated the stable optically ac.tive forms in conformity with the planar structure for platinum (II) covalent bonds.

\,

II.

COMPLEX FORMATION OF ARGININE,
HISTIDINE, LYSINE, AND SERINE

Bailar (3) lists a number of platinum (II) complexes of the amino acids.

He states that although plati-

num (II) does not readily coordinate with oxygen, the coordination tendency of the alpha-amino acids is so great
that a number of such compounds form, in which the platinum coordinates through the oxygen of the carboxyl group.
The amino acids under consideration have two or three fUnction.~l

groups which could combine with metal ions.

Most

of the literature indicates that they generally appear as
bidentates, in which the bonds would likely occur between
the metal ion and {1) the alpha-amino group, and (2) the
carboxyl group.

The covalent bonding is produced by the

replacement of a proton in the carboxyl group, and the
coordinate linkage formed by the donation of an electron
pair from the amino group.

The Following structure vmuld

be typical of a number of amino acid chelates:
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Complex formation of arginine.
ine complexes have been reported.

A number of argin-

Li and Doody (22) pre-

pared both copper and zinc complexes with arginine whose
formulas were determined by polarographic, potentiometric,
conductometric, and spectrophotometric methods.
of a 1:2 complex is indicated.

Existence

Similarly, Taurins (33)

and Rocca and Chiretti (28) both reported 1 :2 complexes
of copper and arginine.

The latter also prepared a cobalt-

arginine complex in which arginine acted as a monodentate.
The compound was characterized as having the following

J

[Co (arginine) ( 2H 0)
C1 .
4
2
3
According to Morrison and Boyd (26) arginine exists

formula:

as a dipolar ion having the following structure:

H2NCNHCH2 CH 2CH 2CHCOONH2
+NH
2

Because of the greater stability of a five-membered ring,
metal complexes of arginine could be expected to have the
following structure:
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Li and Doody (21) propose this structure for a
copper (II) arginine complex which they prepared.

An

examination of a model or arginine reveals that the long
chain of the molecule may be folded in such a manner that
the positively charged (=NH~) group is adjacent to the alphaamino.

Therefore in the chelation with copper involving

the carboxylate and the alpha-amino group, the copper (II)
cation is repelled by the adjacent positive charge, resulting in a lesser degree of complex formation.

Metal-

arginine complexes thus would be predicted to be quite
unstable.
Comple~

formation of

histidin~.

Andrews and

Zebolsky (2) prepared zinc (II), cobalt (II), nickel (II), and
copper (II) complexes of histidine.

Their evidence indi-

cated that histidine chelates involved the carboxyl oxygen
atom and exhibited considerable ring strain.

Spence and Lee

(30) determined by optical rotation and proton magnetic resonance that histidine formed a 1:1 complex with molybdenum
(VI) in the pH range of 6, but the ratio was higher at
lower pH values.

They indicated that the binding sites of

the complex are the amino group and the 1-N nitrogen of
the

i~idazole

ring.

Valladas-Dubois (36) reported several

complexes of copper (II) and histidine in vvhich the hydroxide
radical was also coordinated with cop~er (II).

Studi~s of

bishistidanato cobalt (II) by Earnshaw and Larkworthy ( 11)
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indicated that histidine behaves as a tridentate in the
above compoundo

Potentiometric titration data showed that

all three available donor groups of the histidine molecule
are coordinated to the metal atom in complexes with cobalt
(II), nickel (II), and zinc (II).
Morrison and Boyd (26) give the following structure
for histidine:

From the literature cited three structures for metal-histidine complexes are suggested:
(1)
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(2)

(3)
C----CH2

To further complicate the characterization of the
metal-complexes of histidine is the fact that some combine
reversibly with molecular oxygen.

J:1cDonald ancl Phillips ( 24)

and Earnshaw and Larkworthy (11) reported that the complex
formed between cobalt (II) and histidine combined reversibly
with molecular oxygen.

Greenstein (13) gives the

re~ction

as follows:
2

[co(histidine> 2] +
ComQle~

02;=:![co(histidine) 2] 2°2

formation of }Xsine.

In several studies

lysine complexes were prepared and characterized with similar
complexes of arginine.

Li and Doody (22) prepared copper (II)

and zinc (II) complexes of both of these amino acids.

(33) also prepared a copper (II) complex of lysine.

Taurins
In the

above preparations a 1:2 complex of metal to amino acid
was indicated showing that lysine acted as a bidentate
in these complexes.

Husain, Haque, and Malik (16) pre-

pared a chromium (III) complex of lysine in which the
ratio of metal to amino acid was 1:3, again indicating
that lysine reacted as a bidentate.
Lysine may exist in two dipolar isoelectric forms:
(1)

H2 N-(CH2 ) 4-CH-COONHj

(2)

+H 3N-(CH 2 ) 4 -CH-OOONH2

The ratio of (1) and (2) in solution is about 1:5.6.

Struc-

ture (1) in which the alpha-amino group is absent would
be expected to contribute to the instability of the complex.
Li and Doody (22) reported the copper (II) complex of lysine
to be very unstable.
for the complex:

The following structure is proposed
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Complex formation ££ serineo

According to

Morrison and Boyd (26) serine exists as a dipolar ion
having the following structure:
HO-OH 2-CH-OOONH~
Sychev (32) formed complex compounds of copper
(II), zinc (II), and cobalt (II) with serine and determined
their stability constants by potentiometric titrationo
Similarly Li and Doody (22) prepared a complex of copper
(II) and serine.

They reported that a complex does form

between serine and copper, as evidenced by the deepening
of color when solutions containing the tv-ro substances are
mixed, but the complex is not stable enough to be measured potentiometrically.

They reasoned that the insta-

bility was due to the additional electrical work which
is required to bring the copper (II) cation to the NH3'
group.

The proposed structure for the metal-lysine

complex is:
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III.

THE INFRA-RED SPECTRA 0 F IviETAL-A:rviiNO ACID COMPLEXES
, . .-·

I

Lewis and Wilkins (19) state that certain general

facts have been established which form a basis for the interpretation of the spectra of complexes of amino acids and
other ligands containing carboxyl groups.

Monomeric car-

boxylic acids have a strong carbonyl (C=O) absorption around
1760-1770 cm- 1 whereas the dimers formed by hydrogen bonding
absorb at somewhat lower frequencies, 1690-1740 cm- 1 •

In

salts of carboxylic acids there are no strong bands in this
region» but rather a strong band around 1560-1620 cm- 1 •
This is because in the salts, the CO bond orders become
equal in RC02 by resonance, and the strong band in the
region 1560-1620 cm-1 is assigned to the asymmetric stretching mode of the C02 group.

There is evidence that the sym-

,

metric stretching mode absorbs between 1300 and 1400 cm- 1 •__

Similarly in amino acids it has been found that in the ions
NHjRCHCOOH there is a strong band at 1720-1750 cm- 1 but in
the zwitterions and in salts there is a strong band around
1560-1600 cm- 1 • The NH 2 stretching frequencies in sa.lts of
amino acids are found in the range 3300-3'500 cm- 1 , whereas
in the zwitterion the NHj groups absorb in the range of 30303130 cm- 1 •
Sweeny, Curran, and Quagliano studied the absorption
spectra of zinc (II) and nickel (II) complexes' of glycine.
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Absorption bands were observed at 34.50 cm-1, 3270 cm- 1 ,
and 1603 cm- 1 and no absorption band was observed in the
region of 1720 cm- 1 • These regions are critical for the
determination of the type of metal-ligand bonding present
in amino acid-metal complexes.

The appearance of the NH

stretching absorption maximum at 3270 cm-1 compared to
3030-3130 cm-1 in the zwitterion indicates the presence
of N--zn++ coordination. The absence of an absorption
band near 1720 cm-1 and the presence of a very strong band
at 1603 cm-1 indicate that the carboxyl to zinc bond has a
degree of ionic character.

Sweeny, Curran, and Quagliano

(31) stated further that it is to be expected that all complexes of the znx type in which X is a bidentate ligand. having
2
as one coordinating center a coo- group forming essentially
electrostatic coo---zn+ bonds, should have a trans square
planar configuration if the other metal-to-ligand bonds are
covalent.

CHAPTER V
EXPERIMENTAL
I.

GENERAL METHOD OF.PREPARATION OF THE
PLATINUM (II) AMINO ACID COMPLEXES
The method of preparation of the platintw (II)

complexes of arginine, histidine, lysine, and serine
'

employed here, was similar to that used by Grinberg (15)
and Volshtein (37) in preparing platinum (II) complexes of
other amino acids.

Chemicals used throughout the experiment

were reagent grade supplied by K and K Laboratorieso
Sodium tetrachloroplatinate (II), Na 2 [:Pta14], was dissolved
in water, which had been treated with nitrogen, filtered,
and placed in a 50 milliliter round bottom flask fitted with
a reflux condenser.

Nitrogen was bubbled through the solu-

tion for a period of thirty minutes, clearing the reaction
flask of air.

The amino acid likewise was dissolved in

nitrogen-treated water, filtered, and added to the reaction
flasko

This mixture was refluxed at a temperature of 95°

a.

over an oil bath for a period of from four to twenty hours.
Throughout the reaction nitrogen was bubbled through the
mixture at a constant rate.

After the reaction was com-

plete the flask vms packed in ice to promote crystallization.
In preparations in v.rhich the solution had to be concentrated,
I

j
I

·j

1

'l

j
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evaporation was effected through reduced pressure using an
aspirator.

Care was taken throughout the preparations to

maintain a nitrogen atmosphere.
II.

INDICATIONS OF COMPLEX FORMATION

Change

1£ physical properties. In all of the prep-

arations a definite color change was noted.

The original

dark red-brown due to the sodium tetrachloroplatinate (II)
slowly changed until the solution was almost colorless in
some preparations; in others the final color was pale yellow or light brown.
Change in

EM·

If chelation of the amino acid was

to take place as proposed, one of the bonds would be formed
by the displacement of a proton by the platinum (II) ion.
Thus it can be concluded that chelate formation of platinum
with an amino acid would result in a pH drop.

Table II

shows the pH of each mixture at (1) the beginning of the
reaction and (2) when it was assumed the reaction has
reached eQuilibrium.

pH determinations were made by means

of hydrion paper.
Change

1£ absorption 1£

violet frequencies.

~

visible

~

ultra

Using the Beckman DB spectrophotometer

the absorption of the various solutions was checked at the
beginning of each reaction and as the reaction proceeded.
The spectra obtained were not conclusive in characterizing

f~

l
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a particular complex, but did show a change as the reaction
proceeded, and aided in determining when equilibrium was
reached.
TABLE II
CHANGE IN pH DURING CHELATION OF PLATINUM
(II) AMINO ACID COMPLEXES
Metal-Amino
Acid,.. Combination

pH at the Beginning
of the Reaction

Platinum-Arginine

11

Platinum-Histidine

8

pH After the Reaction
Had Reached Equilibrium

•

9.5

7

Platinum-Lysine

10

9.5

Platinum-Serine

5

4.5

III.

THE PREPARATION AND CHARACTERIZATION
OF DIAQUOBISARGINATOPLATINUM (II)

Preparation of diaguobisarginatoplatinum

1111·

1.532 grams (4.0 millimoles) of sodium tetrachloroplatinate
(II),

Na2 [~tCl~,

gen-treated water.

were dissolved in 5 milliliters of nitroThe solution was filtered yielding a

small amount of black residue (presumably platinum oxide
which was discarded), and placed in a 50 milliliter round
bottom flask attached to a reflux condenser.

Nitrogen was

bubbled through the solution for thirty minutes clearing
the flask of air.

2.785 grams (16.0 millimoles) of arginine

dissolved in 20 milliliters of nitrogen-treated water were
then added to the reaction flask.

Both reagents were
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dissolved in a minimum amount of v-rater to promote precipitation of the complex.

The pH of the mixture was found to

be 11 using hydrion paper.

The mixture was heated over an

oil bath at a temperature of 95° 0. and was refluxed for
twelve hours.

Nitrogen was bubbled at a constant rate

through the solution throughout the reaction.

During this

time the color of the solution changed from a dark redbrown to almost colorless.

The reaction assumed to be

taking place was:

Na 2 ~t01~

2 HArg = [Pt(Arg-)J + 2 H+ + 2 Na+ + 4 01-

This was predicted on the basis of similar reactions between
platinum (II) and amino acids.

A similar example is the

reaction between aspartic acid and potassium tetrachloroplatinate as reported by Grinberg and Kats (15).
After the reaction had reached equilibrium as
evidenced by no further color change, and the absorption of
the mixture as measured on the Beckman DB spectrophotometer,
the flask was removed from the oil bath and the mixture
cooled to room temperature.

During this time nitrogen was

allowed to bubble through the flask.

The pH was measured

using hydrion paper and found to be 9.5.

The flask was

then stoppered and placed in an ice bath; no precipitate
was noted.

Twelve days later when the solution was removed

from the flask and poured into a beaker, a fine, white
precipitate began to form.

The

~eaker

was placed in an
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ice bath and more of the fine white residue precipitated
from solution.

The residue was separated from solution

using a centrifuge, washed with cold water, and placed in
a dessicator over calcium chloride.

The yield was rela-

tively small, 6% of the theoretical yield.
Characterization £! diaguobisarginat~latinum

1111·

The proposed square planar structure of diaquobisarginatoplatinum (II) based upon (1) the assumed reaction, (2) carbon-hydrogen analysis, (3) spectra, and (4) the chloride
test is:

Carbon-hydrogen analysis.

Carbon-hydrogen analysis

by Morse Laboratories gave the following carbon and hydrogen
analysis as compared with the theoretical values.

Carbon
Hydrogen

Theoretical

Reported

25.04%

25.78%

5.25%

6.28%
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In the proposed structure both the carbon and
hydrogen percentages are

loY"~'.

This could be due to a small

amount of arginine which might have precipitated with the
complex.

This is quite possible in view of the fact that

the original solutions were highly concentrated at room temperature before the reaction began.

Since arginine con-

tains 41.37% carbon and $.10% hydrogen, a small amount of
it in the samplewould raise the carbon and hydrogen percentage.

Further, the addition of water of hydration to

the proposed compound would raise the percentage of hydrogen
whose value shows the most deviation from the reported
value.
Infrared spectra.

The infrared spectra in Figures

3 and 4 were obtained by means of a Perkin-Elmer Infracord
137-B Spectrophotometer using potassium bromide disks.
According to Sweeny, Curran, and Quagliano (31) the regions
from 3,000 cm-1 to 3,300 cm- 1 and 1,700 cm- 1 are critical
for the determination of the type of metal-ligand bonding
present in amino acid-metal complexes.

Table III compares

the absorbance of arginine and diaquobisarginatoplatinum
(II) in these critical areas.
The appearance of the NH stretching maximum at
3,100 cm-1 in the diaquobisarginatoplatinum (II) spectra
compared to 3,000 cm- 1 in the arginine spectra indicates
the presence of N--Pt+ 2 coordination.
between the platinum and

coo-

If coordi.nation

would have occurred, however,
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the band at 1,670 cm- 1 should have been absent and a strong
band should have occurred only at approximately 1,600 cm-1.
The similarity

o~

the arginine and the diaquobisarginato-

platinum (II) in this region seems to indicate that coordination has not taken place here.

The characteristic C=O

TABLE III
COMPARISON OF THE INFRARED ABSORBANCE OF ARGININE
AND DIAQUOBISARGINATOPLATIN~i (II)
Frequency in cm-1 at which
Strong Bands Occur

NH Region:
Arginine

3,220

3,000

Diaquobisarginatoplatinum (II)

3,200

3,100

Arginine

1,679

1,610

1,545

Diaquobisarginatoplatinum (II)

1,670

1,625

1,530

coo-

Region:

frequency at 1,670 cm-1 is present in both spectra.

Thus

it is concluded that coordination took place only between
the N and metal which supports the proposed structure.
o~

Addition
in view

o~

water to the coordination sphere seems

justi~ied

the high percentage of hydrogen reported in the

analysis.
Test f.£! chloride i£!!•

A solution

o~

the compJ.ex

tested with silver nitrate gave no precipitate indicating
the absence

o~

the chloride ion.

This eliminates the
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possibility of a positive complex ion having been formed
in place of the proposed neutral complex.
Melting

Qgi~.

was determined to be 210°

The melting point of the complex

c.

using the Thomas Hoover Capil-

lary Melting Point Apparatus.
IV.

THE PREPARATION AND CHARACTERIZATION OF

DIAQUOTRISHISTIDINATODIPLATINUM (II) CHLORIDE
~reparation

chloride.

of £iaquotrishistidinatodiplatinum

i11l

1.448 grams (3.78 millimoles) of sodium tetra-

chloroplatinate (II),

Na?[PtOl~ '.

were dissolved in 8

milliliters of ni trogen~'treated water.

The solution ifas

filtered and placed in a 50 milliliter round bottom flask
attached to a reflux condenser.

Nitrogen was bubbled through

the solution for 30 minutes, clearing the flask of air.

1.173 grams (7o56 millimoles) of histidine dissolved in
34 milliliters of nitrogen-treated water was added to the

reaction flask.

Using hydrion paper the solution was

found to have a pH of 8o

The mixture was heated over an

oil bath at a temperature of 95° Co and refluxed, during
which time nitrogen bubbled continuously
tion.

~hrough

the solu-

In one hour the solution had changed in color from

a dark red-brown to a dark brown and a flocculent light
colored precipitate could be seen throughout the solution.
After four hours the reaction was complete and the flask
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was removed from the oil bath, capped under nitrogen and
set aside to cool.

The pH was again measured with hydrion

paper and found to be 7.

The solution was packed in ice for

several hours and yielded more of the residue.

The mixture

was filtered and the residue.was washed four times with
cold water.

It was then redissolved in 60 milliliters of

cold water and filtered.

This yielded a small amount of

a dark grey residue presumed to be platinum oxide which
was discarded.

The solution was evaporated slo-vrly on a hot

plate to5-10 milliliters.

Upon cooling to 0°

c.

the solu-

tion yielded light brown crystals of diaquotrishistidina todiplatinum (II) -vrhich were dried in a dessicator over
calcium chloride.

The yield was approximately 17%.

Characterization of diaquotrishistidinatodiElatinum

J11l

chloride.

The reaction, based upon the production

of the proposed product, is:
2 Na 2 ~tCl~ + 3 HHist + 4. H20 =
[Pt (Hist-) (H o)~ 01•2 H2o + 4 Na+ + 3 H+ + 7 01-

2

3 2

The proposed square planar structure of diaquotrishistidinatodiplatinum (II) chloride based upon (1) carbon-hydrogen analysis, (2) infrared spectra, and (3) the chloride
test. is:
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'
1-=

Carbon-hydroge~ anallsi~o

Carbon-hydrogen analysis

by Morse Laboratories gave the following carbon and hydrogen
analysis as compared with the theoretical values of the
proposed structure.
Theoretical
Carbon

Reported

22o52Jb

Hydrogen
Infrared

spectra~

The infrared spectra in Figures

5 and 6 were obtained by means of a Perkin-Elmer Infracord
137-B Spectrophotometer using potassium bromide disks.
Table IV compares the absorbance of histidine and diaquotrishistidinatodiplatinum (II) chloride in the critical
areas of 3~000 cm-1 and 1,500 cm- 1 to 1,700 cm- 1 • The shift
I

in the NH region would indicate N--Pt+2 coordination while
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the absence Of 'change in the COO- region "'fOUld indicate that
coordination did not take place through the

coo-

group.

Thus it -was postulated that the binding sites of the complex
are the amino group and the.l-N nitrogen of the imidazole
ring~

These binding sites have been reported in other com-

plexes of histidine and give a relatively stable six-membered ring.
TABLE IV
COMPARISON OF THE INFRARED ABSORBANCE OF HISTIDINE
AND DIAQUOTRISHISTIDINATODIPLATINUM (II) CHLORIDE
Frequency in cm-1 at vJhich
Strong Bands Occur
NH Region:
2,920

2,800

2,640

Diaquotrishistidinato3,300
diplatinum (II) chloride

3,030

2,920

1,610

1,570

1,550

Diaquotrishistidinato- . 1,620
diplatinum (II) chloride

1,590

1,560

Histidine

coo-

Region:

Histidine

Test for chloride
..._......__--... ---

ion~

Upon addition of silver

nitrate to a solution of the complex a white precipitate
formed indicating the presence of the chloride ion.
l\1el til},g

J?..9}:..~•

The melting point of the complex

v-ras determined on the Thomas Hoover Capillary l'1el ting
Point Apparatus.

The sample decomposed at 340°

c.
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V.

ATTEMPTS TO SYNTHESIZE BISLYSINATOPLATINUM (II)
AND BISSERINATOPLATINill-1 (II)
Attempts to synthesize platinum (II) complexes of

lysine and seri.ne were

unsuccessful~

The method used in

the attempted preparations was identical to that employed
in the preparation of the other

complexes~

Although it

appeared that a reaction had taken place in both preparations, all attempts to separate the complexes, if they did
fqrm, were unsuccessfulo
evaporation

und~r

Concentration of the solution by

reduced pressure, addition of other sol-

vents, and saponification were all attempted 1-ri thout success.

Finally, the solutions were evaporated almost to

dryness.

In each case a dark bro-rm viscous mass remained

. -rrhich was treated with concentrated HCl and then KOH.
resulted in the formation of vrhi te crystals.

This

This proced-

ure was used in that the residues vrere similar to that
described in the preparation of a platinum (II) complex of
tyrosine reported by Volshtein

(L~O).

Carbon-hydrogen analy-

sis of the products, hmV"ever, precluded any possibility of
the desired complex being forrned in either of the preparationso

The difficulty of producing platinum (II) complexes

with lysine and serine was predicted in vievr of their structure.

It should also be noted that metal complexes of lysine

and serine reported in the literature were characterized as
'being highly unstable.

CHAPTER VI

SUMMARY
Platinum (II) complexes of arginine and histidine
were successfully

s~Dthesized,

although considerable diffi-

culty was encountered in the preparation of the arginine
complex.

Att.empts to synthesize platinum (II) complexes of

lysine and serine were unsuccessful.

The ease of prepara-

tion of each was correctly predicted through structure and
previous similar

preparations~

No record was found in the

literature of any of the preparations having been attempted
previously.
Oharacteriza tion of the tvw new complexes v-ras
accomplished largely through carbon-hydrogen analysis and
infrared spectra.

Other measurements, especially molecular

weight determination, v-rould have been most valuable in
establishing the structure.

However, characterization was

based only upon the means readily available.
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